Abstract-Recently, various in-vehicle networks have been developed respectively in order to accomplish their own purpose such as CAN and MOST. Various electronic devices for vehicle are controllable by the advent of networks attached to the vehicle. However, the networks also come with a variety of unique features in each network-specific communication which creates difficulty using and supporting the interoperable services among the networks. To solve this problem, each network needs a standard integration framework. In this paper, a framework is proposed and implemented. It consists of a standard protocol using XML to improve compatibility and portability. The framework makes each network interoperable by applying unique information and messages of the network in the XML standard document. The results obtained by implementation show that the framework supports the efficient communication of data between heterogeneous invehicle networks.
I. INTRODUCTION
As vehicle industries increase rapidly, in-vehicle networks are inclined to employ various electrical devices for vehicles recently. In order to communicate data among the devices, a framework for in-vehicle networks was required. And, the researches for improving the cost, weight and reliability have been studied. Even though the in-vehicle networks are equipped with the communication efficiency, each vehicle network only supports a local message. Especially, the current studies about message communication on the vehicle network focuses on the following two areas. One is PTP(peer to peer) message communication and translation. The other is communication system based on ethernet protocol system using OSGI(Open Service Gateway initiative) for multimedia area.
Therefore, an integrated framework is inevitably required for the sake of various inter-network services because the current network communication system is limited to provide various service among several invehicle networks. This paper proposes a new framework for the integration of the heterogeneous vehicle networks. The framework consists of a standard protocol, XML schema files and configuration files. In order to provide various services by the framework, which is consist of three modules using standard protocol, XML schema file and configuration file. The XML schema structure supports the additional expansion of the networks.
The proposed integrated framework is also able to control vehicles with data communication. Therefore, it might be useful for intelligent car system.
The implemented system shows that the proposed framework makes heterogeneous in-vehicle networks communicate data efficiently between CAN and MOST networks.
The reminder of this paper is organized as follows. Section 2 presents related works about the field of framework architecture for in-vehicle pervasive multimedia services. Section 3 describes the architecture of the framework using XML. Section 4 shows the implementation results and experimental tests. Finally, section 5 gives conclusion.
II. RELATED WORKS
Related work [3] designed the architecture of OSGIbased automotive gateway. It was aimed to provide a location information service and traffic information service with in-vehicle networks. It supports data communication between the ECUs and sensor devices which are distributed by using OSGI Bundle.
However, the network communication system is limited because there is no standard protocol to translate messages of the heterogeneous network.
Related work [5] studied the architecture to support the development of component based application using mCAR software framework. It also developed a software for decision modules which supported an intra data communication within a vehicle. Software components of framework architecture were used for composing invehicle information platform for the sake of effective management of multimedia resources in this study.
A XML based Communication Framework for
In-Vehicle Networks However, users must have complicate processes which modify the communication system and decision module at every change of networks. Moreover, the framework architecture was only designed from the viewpoint of multimedia.
III. INTEGRATED FRAMEWORK USING XML
This paper proposes a new integrated framework using XML to communicate messages between the heterogeneous In-vehicle networks. The framework uses a standard protocol and contains 3 software modules: communication module and translation module and analysis module. Each module refers XML files for configuration. Figure 1 shows the architecure of the integrated framework. On receiving from heterogeneous networks, the framework designed to support the service to the other network. That is to say, the message communication between single or multiple networks is also possible [4] . See detailed description about the architecture in [4] .
System architecture
The communication, translation and analysis module in figure 1 do roles of communicating message, converting message to a message with standard format and analyzing service required by message, respectively.
The framework supports single target communication and multiple target communication as well. Each network of in-vehicle networks has a unique protocol. Thus, a message of specific network is not understandable in the other network.
To solve this problem, the standard protocol which is proposed for the integrated framework in this paper obeys the standard of Telecommunications Technology Association(TTAK.KO-06.0192).
The protocol shown in figure 2 consists of comprehensive fields for accommodating additional information fields of each in-vehicle network [4] . See detailed description about the protocol in [4] . Moreover, XML schema file also help user install an other systems by modifying XML schema file. Figure 4 shows a schema file that is able to generate a configuration file used in the proposed integrated framework. The network schema files define properties of each network such as data type, name and so on. The files support to add a new heterogeneous network. Figure 5 shows the content of a XML file for CAN network. The file contains the properties of CAN network. If a network system which is newly attached to in-vehicle networks has more attribute fields than the existing fields, the schema file could be modified in order to add new fields. Figure 6 shows XML schema file and data file of the framework. The XML data file could be generated by referring a XML schema file and a DTD file. The file contains the information of network format, message format and protocol format.
The reason for using the schema file and DTD file is that the files contain common parts which resolve different network format of each heterogeneous network. Therefore it results in the improvement of compatibility between heterogeneous networks.
Modules of the integrated framework
The key point of the framework is to translate the messages from many heterogeneous networks into a message with a standard format. To do this, we design and implement a program which consists of three modules: communication module, translation module and analysis module.
The Communication module plays the role of receiving and sending messages among the heterogeneous invehicle networks. A configuration file referred by the communication module uses the XML files that have the information of protocol and priority information of networks respectively. Figure 7 shows the detailed structure of the communication module.
Fig.7 Communication Module
It provides a framework API for sending urgent messages. At receiving a message, it makes a priority queue based on the information of the configuration file. And it saves the received message in the queue. The translation module does a role of translating a message of the communication module into a message with the standard protocol. A configuration file referred by the translation module has some information which is required in the translation step.
The analysis module analyses the changed message with standard protocol and provides a service which has to be originated by the message. A configuration file referred by the analysis module has some information to match the messages of the heterogeneous networks with corresponding services as a table. A service scheduler in the analysis module is provided for controlling the services which is offered to heterogeneous networks. Figure 8 depicts the message queue of the communication module and shows that the above mentioned priority queue refers to the message queue by looked up the message priority of the configuration file. Fig.8 Message Queue Figure 9 shows steps that translate data to be received or sent from the heterogeneous vehicle networks into a new message with the standard protocol. Since each vehicle network has individual network protocol, translation steps need to change every message into a compatible message with standard format. Figure 10 shows the environment for the implementations of integrated framework. The left picture in figure 10 shows a MOST25 network which consist of DVD, Audio interface and so on. The right picture in figure  10 shows CAN Network using CANcaseXL equipment. figure 13 is implemented as a test board of the framework. The right pedal of control group generates a CAN message with the speed of vehicle. The CAN message is generated CANoe tool which is a simulator for CAN network shown in fig.  10 . If the pedal is pressed, the framework receives the CAN message with the increased speed and analyzes the messages. Finally, the increased speed is reflected on the tachometer. From now on, we will verify whether our framework communicates data well between CAN and MOST or not. For example, Figure 15 is a snapshot to depict the flow of the messages of the framework. The steps of the flow are as follows.
IV. IMPLEMENTATION OF INTEGRATED FRAMEWORK
Step 1 : MOST HMI requests framework to scan speed
Step 2 : Framework receive and translate a message into standard message for analyzing the service of the message.
Step 3 : Framework analyze the service. The service is 'scan speed'.
Step 4 : Framework translates message and generates a message for requesting speed information to CAN network.
Step 5 : Framework transmits the message to CAN network. Inner service is ' requestSpeedToCAN' Step 6 : If framework receives a new message with speed information, transmits the message to MOST network after translation and analysis step. The results obtained from test shows that the proposed framework is able to efficiently communicate data between heterogeneous vehicle networks such as CAN and MOST.
V. CONCLUSIONS
So far, there was no study on the integrated framework for communicating data between heterogeneous in-vehicle networks and single or multi services in the earlier studies. The earlier studies of vehicle networks generally focused on developing the method peer to peer network communication and the protocol for multimedia service.
To solve the problem, a new framework was proposed in this paper. The framework contained the standard protocol and used the XML configuration file for the module. The XML configuration file increased compatibility.
We also implemented the integrated framework with real CAN and MOST networks. The results obtained from tests showed that the framework supported efficient data communication between heterogeneous in-vehicle networks.
This integrated framework will be an important technique of Intelligent Transport Systems.
